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Stability of Type I etror rates and power ure investigated for three 


forms of the Box test and two forms of the jackknife test with equal and 


EY cea wanple sizcs undez conditions Aen ang, nonnormality. The & 


a test is: shown to be robust to violatidns of the assumption of normality 


when sapling is from leptokurtic pcpulations. The jackknife test is not 


’ 


robust. When n's are unequal, previously reported suggestions for selecting 


subsample sizes for the Box test are show to be inappropriate, producing 


a permissive “test. The problem of heterogeneous within cell variances 


and unequal n's“is discussed. Two progedures which alleviate this problem 


are presented f.c the Box test. Use of the daethatts test with a-reduced 


tai is shown co provide power and sdnveel of type I error at approx- 


o 


imately the ‘same leyel as the Box test. 


. to complex, multi-factor experimental designs. A multiplicative model 


1. INTRODUCTION : >. » 


i In research, it frequently happens that populations are to be tested 
for homogeneity of variance in. complex, multi-factor experimental designs. 
Methods of statistical inference concerning variances generally have been 
restricted 66 single factor designs. Typically, independent random 


samples are Somenas via some function of the,.sample variances with a 


‘known sampling distribution when ssguapitots are -met. Many of these 


° 


tests. om. oanbaenne? are edeaetauals sensitive to distributicn form, par- 


ticularly to kurtosis: Martin and Games (1975): provided a review of 


many of these tests. «. ; , 
& % ¢ 


Several researchers’ have applied the aralysis ‘of variance (AOV) to 


testing variances in order to take advantage of its robustness to non 


~ 


normality. These techniques have the added benefit-of being generalizable 


for testing variances, shown to be analogous to the additive AOV- model 


for means.through the logarithmic transformation, was presented by \ 


© 


; Bechhofer (1960). A variety of multi-factor AOV designs for testing 


e 


equality of varianges which fit the model were also presented. : a 
Bartlett and Kendall (1946) suggested performing an AOV on dee ties 

transformations of variance estimates. Box (1953) suggesced dividing 

inipiee into alae and performing an AOV on logarithmic transformations 

of vavtencs eatdnat es coapiibad on the subsamples. The technique ‘was 


generalized by Scheffé (1959, p. 83) to accommodate unequal subsample 


sizes and sampling from nonnormal populations. This statistic is 


ry - 


described in Winer (1971, p. 219). A modification of this test to 


accommodate unequal sample Sizes due to Bargmann was" presented by 


v 


‘Gartside (1972). * Levene (1960), proposed performing an AOV on Z, = |X; - X| 


or Sy = (X; - 2. The Levene, Z statistic is recommended as a test of 
homogeneity. of variance by Glass and Stanley (1970, p. 506). An ‘alter- 


“native Levene statistic in which absolute deviations from the mean are. 


replaced by absolute deviations from the, sample median, zy = IX, - median|, 
was suggested by Miller (1968). Brown and Forsythe (1974) suggested ‘a 
Levene statistic in which absolute deviations are taken from the-ten, 


percent .trimmed mean, the mean. after deleting the ten percent largest . 


‘and ten-pefcent smallest values inithat group. Miller (1968) also sug- 


aa 


gested jackknifing logarithms of variance estimates as a test of homo- g 
geneity of variance. The .Z-variance statistic, an’ AOV test utilizing 
“the z-score transformation for chi-square statistics based on large degrees 


tad 7 


of freedom, was developed by Overall-and Woodward (1974). 


The Levene 2 statistic was shown to be sensitive to distribution * 
form with inflated P(EI)'s by Brown and Forsythe (1974), Fellers (1972); ee 
see Games, Winkler and Probert (1972). Miller (1968) proved that the Z 
test is not ddyiptobdcaliy atansisdrtek free.. Neel and Stallings (1974) 
showed that even with a sic tia population, when n's are small the Z test 
produced an overabundance of Type T errors. Although Miller (1968) con- 
cluded that the S test is robust, other evidence (Fellers, 1972;" Games 
et al., 1972) suggests it is not robust. In all cases the S test showed 


low power. The Z° statistic was shown by Fellers (1972) to produce 


erratic, uninterpretable results with small n's, ny"5- Brown and Forsythe 
oi ; 


showed it to be robust when distributions were asymmetric and larger n's, 


° 


° 


n,=10, were used. Miller‘ (1968) “pointed out that dispersion about a - 


median is not é wttanca; thus rejecting the technique. Using deviations 
baie the trimmed mean was shown to be nonrobust dias dabei Rint were 
_asynnetric by Brown and Forsythe (1974). It appears “that none of the 
Levene abaelantde has the robustness, power, and flexibility necessary to 
be. recommended asa general“variance testing technique. — 
The Z-variance statistic was shown, to. be as sensitive to distribution 
f ; form as the Bartlett test by its imide. ‘Wvevatl. ai Wectuand, 1974). 


This conclusion was : gupperted by a-Monte Carlo study by Levy (1975). Its 


nonrobustness makes it virtually useless for nonnormal populations. 
The jackknife test was offered as a robust and powerful technique 


by Miller (1968). Layard (1973) concluded that the jackknife test is ne 


reasonably robust to moderate deviations from normality.: A slight “rise 


in Type I errots for nonnormal populations was shown by Brown and Forsythe 
9 


o 974). They also noted that with unequal u's the jackknife test pro- 
“Aaued a rise in P(EI). _ ane effect of unequal n's and possible nonro- ji 
° “bustness are areas in which further study is needed for the jackknife test, 
The Box test; also referred to as the Bartlett and Kendall test, 
" Scheff£é dies, and BoxeScbetid test; has been shown to be robust to viola- 


i. ‘tions of" che assumption of normality in.several studies (Fellers, 1972; © 
3 Games et i 1972; Gartside, 1972; Layard, 1973; Levy, 1975; Martin and 
© Games, 19755 and Miller, 1968). It has been: recommended as a general 
 oatuitaue when nonnormalit y ds suspected or when an experimenter has 
« : little or no-knowledge of distribution Pritiie WORE ERERmAbNIys it has shown 
. lower ‘power than the Jackkatte test (Miller, 1968). Miller noted that the, 


Box test is not lagging far behind in power and may be preferred over the: 


2 


. 6 


. * . 


jackknife test for hand computation. The Box test .also has shown-a rise 


in error rates with unequal'n's (Fellers, 19723, Gartside, 1972). The ‘* 
Bargmann modification appears useful in controlling the effect of unequal N 


n's but at the expense of power. The appropriate. sizes for the subsamples 


fwhen n's-aré unequal to control the rise in P(EI) and the power of this 
> : ‘ a ALE 


robust test are areas in which research is needed.” ' 


A, a i The Box and, jackknife tests provide two versatile AOV techniques for 


analyzing variances. Both easily provide confidence intervals and cdn be: 


° used in complex, multi-factor designs fitting the Bechhofer modei. Tke 
J "3 , 


robustness of one and the effect of unequal n's on both require further | 


i study. The present Monte Carlo investigation compares the jackknife, and ~ 


Box tests for normal and nonnormal populations-with equal and unequal n's. 
6 , f “an 


_ 2, THE. TEST: STATISTICS INVOLVED — 
aa 


In this discussion the following notation is used: e 
H k = number cf popylations involved } 


P 3 
G s? = unbiased sample variance from the ith population - , 7 


i d, = degrees of freedom upon which s ts based ma 
- { : 2 ; 
ie s?, = unbiased sample variance from the jth subsample from the fh 


ij P 
= population® *s o mo alt ‘ 


- \ 
‘ 


v,, = degrees of freedom upon which s?, is based 


e ij ij 
n, = size of the sample from the ith population ; 
“my = number of independent sample variance estimates from the 
- Lae 


= ; it) population 


= \ 2 
Ys 108, (si 5) 


\ 


F Py = number of subgroups from the yth population 
Ay, = number of observations in the jth subgroup from the ith P . 
: ' population : = ia ; 
. « & <— ° b 
is 2 a) ¢ 
243 = log, (sq5) + ae | ‘ ; 
4 oe = unbiased sample variance from the yth population. with the 
th pe cr deleted. a - : ot 
Bs Me oe ae : 
“15 Zs Log, 3? (Py 1) log, Si-j 


‘ 


The following test statistics were. compared in the study: 
2:1 The Box statistic (1953). - The n, observations in each 
Oe ji . 7 ’ ¥ 

sample.are randomly divided into m, subsamples of “a4 + 1 observations. 


a“ 
If all “sj are equal, the test statistic is: 


Ey mg (¥y) - ¥,,)? Tf (my - 1) ae 
a ae p 
EE, y5 - Yy) k-1 
where 
rh z, ¥ig / m, ‘ 4 . 
om = fy ay Yi, / ty rae 
. $ » 


and has approximately the p-distribution with k - a and qy (m, - 1) dé. 


2:2. The Scheffé modification of the Box test (1959). If the f 
My pp atesnot all equal, the test statistic is: 
‘ Ep yy yen? 8 Ey yD 
oT Byly vay (Yqy - 1y,)? be k- 1° 
where ; : 


Ls) 


ms = z, Yay Ys / ¥, 2 . : 
es = Bits Vij Yaj / Eyl; Vij =; 


vy, uF ED 


with k - 1 and és cH - 1). at. 


26 3 The. Bargmann modification of eee Box test (Gartatded 


1972). The variable Yt 108, 4s? 


245 a (shy) + Cy. 


ij) is replaced oy the variable 


. A weighting cogstant, Wat 2 is used which te in- 


ij 
eaunaiaved into the AOV.in the usual manner, ‘see Schetté. (1959, pp. 85, 


86). The’ constants C4; and Wij are defined: * 


A 44: aaa hi +1/ RE? : 
Hh go = ae 
a : b . i / Wij 2 / Yay ae / (i, + 4 / (3v55)> D 
"and are used to Temove bias-and to satisfy better the homoscedasticity : 
assumption of. the AOV when n's are unequal. The test statistic isa. : 
: > ag ; _ Wee 5 2% ce . me 
: gn Bye es Mo a ; 
x mer 2 . ‘S . ‘ 
, BE, re (25, 4) k-1l | 
Se 
where s 
, i 
nz oF W452 4j /w 
F : : ; 
#4 ‘s : n, 7 ‘= ryt, Way 25; / ce j 4; 
wy, = oF Way? , 
with k- 1 and, (m, - 1) df. % x 
QE eg 2.4 The jackknife ‘test’ as developed by Miller (1968) and 
generalized by Layard (1973) The data:are divided into Py wibgeoube of 
445 observations. The test statistic is: ; ; 
< 23 : - 2 by 
. Be By Op BO ty OER. 
; r,t, (8;, -9,) | kel 
where : Lk 
a, * yy va / m4 ) Ry 


“ va 


. 
+? 


: gE ™, 
3. DESIGN OF THE ‘SAMPLING EXPERIMENT . 


" 
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yy 
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‘ “i pi a oP RY ees, \ _ 
The stdtisticdwere compared by empirical simulation using Monte 


cd ? $06 , eas 1 . 
Carlo methods. Rér each statistic under each experimental ‘eondition a ~ 


er 


simulated analysis was conducted. In each analysis all statistics were * 


Ly - 


. 


computed on the same. set of data. A simulated analysis was repgated 


, “1,000 times in four blocks of 250 trials. “The number of rejections of- the 


o 


null hypothesis at both the nominal five percent and one percent levels 


of significance wére recorded. 


Three distribution: forms were used to investigate rabustness to 
nonnormality: nérnal, N(0,1); moderately leptokurtic, x25 and extremely 


leptokurtic, x2. Populations of 10,000 cases were randomly generated and 
2 : ; aR 


placed in storage, and population parameters calculated. The N(0,1) 


-population was generated using.a random normal number generator developed 


{oa — 5 . © ° 
P “by Chen (1971). The a and eG populations were generated by forming 
/elements of the sum of four squared normal deviates and two squared normal 
.* ac ; B ; : at “ : 
deviates respectively. These normal deviates were generated using the 


* Chen algorithm. .The population parameters, u, 02s Vy Yo are presenced 


in Table.1l. 


aw 


Each simulated experiment was conducted on three random samples, r 


representing three treatment groups, with sample sizes of n, = 757573 


“40. 


+e 


ny = 17, Lis eg fi ="6,12, 185 and a, « 731i; 17. " Sampling wag random with 
h 


q “A 8 s 
replacément. e odd nm cases were selected ' to _sompare, che chiyee“Box, 


. ‘ ape’ ‘ 


tests. " Equal n's were used ‘to taveebdionte robustness. to’ Ronnéimality , 


* eT v a 


for equal n's and to investigate ‘for. enalt and odd, sample ‘sizes the sug> ° 


. © - 


gestions for selecting pibaentaraites tne the Box test amie by Martin 


. 


’ and’ Games (1975). ‘The. unequal fi Cases were used to investigaté the 


effect of unequal n's combined with heterogeneous, within ceki variances | 
and robustness to RONRGEME SSE. for unequal n'a. + * - 


. 


The null case uae three aiteenatives to the sea investigated. 
For the nenssiehd conditions, the data of ‘the second: and third samples 


were multiplied by a constant to produce larger variances than’in the 


o 


first sample. <a “a a ' 


For each sample’ size condition two sets of subsample sizes tere 
: 
( Sit 
compared for the Box procedures. In the equal n case the two. sets were 
° . a ‘ F 
compared to determine which produc@s the greater power and the effect of 
a rg . ° . ’ 


the two weighting procedures of Scheffé (1959) and Bargmann (Gartside,, 


@ 


1972) on power. In the unequal n.case, v's suggested by the Martin and’ 


, 


Games’ procedure, unequal varying v's associated with unequal n's, were 


compared with using a constant moderate v for all thyee samples. For 


‘both sample size cases, deleting observations one at a time and‘two at a 


time were compared for the jackknife test’. 


4. RESULTS 


The results for the equal n case are presented for a=.05 in. Table 2. 


o ° 


For the three Box procedures Vl. refers to the smaller subsample size, v=2 
. oa | 


li 


“ 


=) ae . ff . ‘ 
x 4 fi : i , ae 
° ‘ . 
‘ 9 , " ~ 
Me. ‘. 
. . 
ee ‘ : és 


‘for ny = ae 7,7 and v=3 for n,. s, “17, 17,17; and V2. refers to the aenger ihe ; 


‘sample size, v=3 for ms = 737; Yu and vad’ for ny = 17,17,17.- For. the . 
t ‘ : ‘ 


jackkitife tests” v is the number of observations being deleted. ‘Whén the - 


« 


‘variance ratio 5 1; ¢1: 1 the empirical error rates have ‘an expected value 


®e..05-4¢ all the assumptions are met. Other variance: ratios provide 
Soe “ie tasty far points ‘on the power curves. Empirical prob- 
, “wieaseies of -refection Ke nonnull points for tests ‘whose error rates , 


. . 


° deviated significantly at the .05 level from alpha are enclosed by paren” ; 


: P a mee ¢ ’ ‘ 
ae : theses. ; eae a 


= FSS 


’ When the populations were “Neptokurtic, a jackknife tests were 


not, aban ‘The frequencies df ‘Type I errors wer ia aca: greater. 
y than. alpha for web Raguiaeton ‘forms. The Bargmann modification with the 
| ‘smaller v (for Pout a! n 's). was not robust when: the population wae aecienliy 
a leptokurtic. All other Box procedures were yobiuati 
‘es the jackitite’ tests could be used, i.e., the. normal popadacion, 
S . a 


they were more povertsh., than the Box tests, with v=1 more poverfil than 


ad 


a regardless of the sample size. For n,* 4 »7y7, the Bargmann modi- 


ication with ve2 produced the greatest power of thé Box testa. ° The 


‘ other tests peniioea approximately equal power. When populations were 


nonnormal the jackknife tests could not be compared and the Bargmann G 


4 


modification with v=2 was most powerful but it too was not robust for 


_ the extremely leptokurtic population. The other tests. were approximately 


equal in power with v=2 slightly more powerful than v=3 and. the’, Scheffé : 


eo © 


10 
e 
procedure slightly more powerful than the Box procedure. When n = 17,17,17 


the resylts were essentially the same in terms of tests. For the. normal 
“population v=4 was’ more powerful than v=3 but the opposite was true for, 
the ies nhaeete populations. 
The results for, the unequal n cases are presented in Table 3. For 
: g 


the three Box procedures "# v refers to using subsample sizes. chosen on 


the basis of the Martin and Games (1975), suggestions, i.e., v=2 for 


° 


y,* 6(7), v=3 for Ry = 12(11), and v=4 for ny = 18(17). Constant v and\ ; 
, =v refer .to using tie’ same v, v=3 was chosen, for all n's. When- 
n, = 6,12,18 and v=3 the three Box procedures are identical, hence chate ; 
is only one entry named Constant v. Empirical powers, enclosed by paren- 
theses Yecause the error er deviated from alpha, are marked with an 


.asterisk if the deviation was.in the conservative direction. 


The Box tes¢ with a constant v was Bis ages test which had no sig- 
ehieaae deviations from alpha. The Scheff£é test with a constant v showed 
gnas siguttioaat deviation and ia Bargmann modification with unequal 

‘v's showed only two deviations but all three were in the conservative 
direction. A conservative test is not a watts problem for an experi- 
“menter unless power is also adversely affected. The Scheffé method was 
slightly more powerful than the Box method ues when the former test was 
conservative. fnfortusaxely the Bargmann modification with seein’ v's : 
produced uch lower power than either the Box or Scheffé methods with 


even n's and with odd n's when large variances were’ associated with large 


i3 


11 
& 


n's. Its power was between the other two tests when large ee were 
associated: with small, odd n's. The other methods, haat the jackknife 
tests, all showed positive deviations: from alpha, either as a result of 
unequal n's, nonnormality, or a combination of the twe. . 
When the assumption of mortality wes met the Box and Scheffé tests 

wth unequal v's and the jackknife tests were affected by the combination “ 
ef ‘unediial n's and heterogeneous within cell variances. When the assump- 
tion of normality was violated. the Box and Scheffé tests maintained approx- 
imately the same permissive empirical erpor ee as with the normal popu- 
lation. This suggests that the tests are robust to nonuarnalicy but not to 
‘heterogeneous within cell’ variances’ and unequal n's. When the assumption 

of normality was violated the jackknife tests a even more nonrobust. As 
“the sont iacaoe teaeceouts increased the empirical error rates also in- 
* eenased showing ‘sensitivity to nonnormality. The empirical error rates 

were greater than thisa for the equal n cases suggesting that the jackknife 

‘ iy) 
_test is also nonrobist to violations of the homogeneity of within cell var 
iance assumption. Only the Box and Scheffé tests with a constant Vv ang the- 


Bargmann modification with # v were robust to violations of both assump- 


tions. 


5. CONCLUSIONS 


ty 


At least three forms of the Box test, the original Box test and the 
Scheffé test when n's are equal, and those two-with equal v's and the 


Bargmann modification with unequal v's when n'S are unequal, are robust 


14 


12 


to violations of the assumptions of normality and homogeneity of within 
cell variances when n's are unequal. The Bargmann todi#tvet ten: with equal. 
a's or with equal v's when n's are not equal, was only slightly nonrebust 
when the population was extremely leptokurtic. It may be considered robust. 
fox all but extreme nonnormality. 

Using unequal v's when n's are unequal for the Box and Scheffé tests 


produced an overabundance of Type I errors. When varying v's are used the 


larger v's and m's are associated with the larger n's. Because of the 


larger v's the within cell variance is smallest for the largest. m and: 
henc2 largest for the smallest m. This condition is known to.produce a 
permissive bias in the AOV and is an intrinsic outcome as long as larger 
v's are used with the larger n's. Using a constant v stabilizes these 
variances. Gartside (1972) had suggested the Bargmann modification as a 
method to control for heterogeneity of ici cell variances ie tue equal 
n case, Unfortunately this control is at the expense of power. Bath the 
Box and Scheffé tests (with equal v's) are robust and are more powerful. 


The jackknife tests were not robust to violations of the normality 


assumption for even moderate leptokurtosis. .For leptokurtic populations 


_these tests produced P(EI)'s significantly greater than alpha for both 


equal and unequal. n's. For unequal n's the jackknife test is also affected 
by intrinsic violations of the assumption of homogeneity of within cell 
variances. For each pseudo-value, the larger the n, the larger will be 

the number of observations on which the variances are calculated and the 
more stable the variance estimates will Le. Since the p's are directly 
proportional to the nts, the se ae permissive condition occurs as with the 


unmodified Box testsi...Jhe jackknife test, without modification, should 


19 


; - . 13 


' 


only be used with normal populations and equal n's. The jackknd#é test 
, could be dae with a nominal alpha of .01. Data from this study but not : 
presented showed that by using a tYominal alpha of .01, it isreasonable to” 
> Specify that the true risk of a Boek error is approximately .05 or less. 
The power in dhsenade is approximately equal to that -of the Box tests 
when. populations: are Lleptokurtic, An obvious disadvantage of this proce- 
aie i the likelihood of confusion on the part of naive users when * 4 


x 


nominal alpha differs from the true risk.of Type I error. 


The Scheffé test, the slightly less’ powerful Box test, or possibly 


eer the Bargmann modification if populations are not extremely nonnormai and 


more power is desired, can be wine as general tests of homogeneity of 

) r variance. If care is taken to,ensure that the appropriate subsample sizes 
are used the bade is robust /and provides satisfactory doer. /FoLlow-up 
comparisons were preserited by Games et al. (1972) and the test was exten- 


e, 


ded to the multivariate case by Levy (1974). ~ 


é 


ue 
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TABLE 1 
. Statistical Characteristics of the 
Generated Populations 
Populations 
— Moderately . Extremely 
; Parameters Normal Leptokurtic ‘Leptokurtic 
S © Ky Xo 
\ . 
an ar 10,000 10,000 10,000 
EY gs -0.0013 > 3.9896" 1.9716 
a? 1..0040 8.2349 4.0290 
fof 1.0020 2.8686 2.0072 
4 Y) (skewness) -0.0299 1.4142 2.0252 
Y, (kurtosis) 0.0111 3.0903 6.0041 
- : Pear: 
é 
oJ Po 
> 
. 


“TABLE 2 
Empirical Error Rates and Power (a=.05), Equal\n's 


9. 4%, = Yol7,i7, 
z . . Variance Ratio (of tagiut) \ > 
Statistic Lidil ~1:9:17- 1:18:35 1:36:71 -1:1:1 1:3:5\ 1:4:7 
—_—-eenn< 
4 ‘ ‘ A. Normal Distribution, N(0,1) 
Box Vl * 29. ~475 565 043 
“Scheff£é V1 ae - 308 - .504 -586 ~ .041 
Bargmann V1 ail -365 * 571, » 680 -048 
Box V2 F .313 +445 577 * .049 
Schef£é V2 “ 328 6452 596 051 | 
Bargmann V2 ‘ .338 472 619 049 
Jackknife v=1 . 649 836 938 +059 
“Jackknife v=2 ‘i «.549 ©7355 | 864 .059 
3. Moderately Leptokurtic Distribution, xe 
Box Vl £040 «209 338 ae ad 
Scheffé VL 5045 6239 - 362 «519 039 
Bargmann V1 054 ~294 — 6432 -616 -047 
Box V2 042 208 + 336 466 047 . . 
Scheffé V2 041 -216 »335 -482 ° .049 < : . 828 
Bargmann V2 042 236 347 -500 051 . ‘ 832 


Jackknife v=1 -091 (.552) (.709) (.818) 083 . +651)  (.909) 


‘Jackknife v=2. -071 (.473) (629)  (.768) *.065 . -621) . (.901) 
: . Extremely: Leptokurtic Distribution, x 


Box V1 ae -058 . .708 -311 -410 -043 ° — 321 -615 
Scheffé V1 061 +224 343 -428 -056 ° -333 + =~.660 
Bargmann V1 -077 . 282) (.420) (.520) 066°" (.26: -359) (.695). 
Box V2 049 181 262 +342 -043 i 63335. 673 
Scheffé V2 -051 -185 272 352 +043 js 334 -681 

_ Bargmann V2 +055 - 200 $281 - 366 +047 e251 ° «337 - 686 
Jackknife v=l-  .131 +468) (.595) + (.701) -107 (.388)° (.500) (.764) 
‘Jackknife v=2 +099 -399) (537) (.633) 2099 (.364) (.483) (.743) 


—>——— 


Statistic 


Empirical Error Rates and Power (a=.05), Unequal n's 


TABLE 3 


Variance Ratio (0:03:02) 


Lilil 1:5:9 1:10:19 1:14:27) L:1:d 93531 19:10:1 27:14:1 
ny = 6,12,18 
ee | 
A. Normal Distribution, N(0,1) “ 
Constant v 062 -365 571 653 -046 493.791 866, 
Box # v .093 (.563) (2771) (.850) ll/ (.274) (.474) (.570) 
Scheffé # v 088 (.499) (.696) (.763) -092 (.282) (.552) (.659) 
Bargmann # v -054 - 186 - 320, -399 .055 «455 +733 -802 
Jackknife v=l -Q73 (.603) .(.832) (.902) 058 -820 - 984 994 
Jackknife v=2 069 (.489) (727 (.828) -061 791 -976 992 
; B. Moderately Leptokurtic Distribution, x 
Constant v 052 +290 +467 -560 +039 400 647 753 
Box # v, 096 (.470) (.669) (.780) -089 (.218) (.398) (.480) 
Scherfeé #v | 077 (.419) (.580) _ (.688) 067 (.218) (.453) (.551) 
Bargmann -# v -040 , 168 .261 = 6316 © -026 (.337)* (.589)* (.686)* 
- Jackknife v=1 -110 (.473). (.665) (.755) 091 (.618). (.834) (.877) 
Jackknife v=2 091 (.406) (.577) . (.676) -084 (.616) (.817) (.862) 
"Cy Extremely Leptokurtic Distribution, . ee 
Censtant v +085 +233 357 452 -060 “254 495 609 
Box # v e105 (.421 (.581) (.674) -088 (.168) (.275) 4 (.377) 
Scheffé # v .072 “(.341) (.488) (.568) -073 (.153) (.282) (.405) 
Bargmann #-v 028 (.119)* (.231)* (.269)% 041 0232 399 517. 
Jackknife v=1 142 (.407) (.526) (.641) - 136 (.508) (.668) (.742) 
_ Jackknife v=2 133 (.332) (.467) (0555) _ +133 (.485) (.652) (.714) 
n, = Tyla? 
A. Normal Distribution, N(0,1) 
Box = v 046 - 384 556 -679 -038 » 466 731 - 829 
Scheffé = v 044 - 400 +584 .718 -035 (.484)* (.762)* (.847)* 
Bargmann = v 056 -420 +625 «752 -040 518 -770 "870 
Box # v" -068 (.556) (.753) (.844) -061 »327 552 +627 
Scheffé # v -059 «410 - 667 -778 -053 - 366 +634 - 721 
Bargmann # v -050 “SLE «495 588 044 «497 749 849 
Jackknife v=1 058 651 875 -946 1049 -807 0974. 993 
Jackknife .v=2 +061 ; 553 - 808 899 055 - 782 -961 -989 
* B. Moderately Leptokurtic Distribution, % 
Box = v -059 «272 463 561 +046 - 360 - 601 738 
Scheffé = v- 058 286 * .490 597 -055 - 386 -625 772 
Bargmann = v 069 (.314) * (.517) (.631)> -059 '.407 -640 - 788 
Box # vv -078 (.441) (.674). > (3751) +065 (.237) (.428) (.554) 
Scheffé.# v -065 {.380) (.564) (672) -057 +262 498 - 638 
Bargmann # v -059 +241 + 383 +495 045 +366 +607 758 
Jackknife v=1 -105 (.514), (.746) (.792) -110 (.627) (.827) (.893) 
Jackknife v=2 - 105 (.458) (.676)  (.742) -099 (.606) (.808) (.882) 
C. Extremely Leptokurtic Distribution, ts 
Box = v +046 © “sol: -316 412 -050 o2d2 - 483 +568 
Scheffé = v +054 237 346 446 046 -293 +504 595 
Bargmann = v +067 (.273) (.386) (.481) -053 - 306 52k -619 
Box -# v .078 (.402) (.550) (.647) -077 (.184) (.344) (.397) 
Scheffé # v -064 = (.326) (.440) (.548) -066 (.194) ° (.390) (.457) 
Bargmann # v -057 +224 - 300 7373 056 2271 -493 -583 
Jackknife v=1 -130 (.431) (.560) (.646) 124 (.479) (.672) (.741) 
“Jackknife v=2 +128 (. 373) (.529)° (.600) 116 (.458) (.657) (.732) 


a a 
<> ’ 
* Test was conservative. 
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